Microbially induced carbonate precipitation (MICP) involves the hydrolysis 25 of urea by indigenous or introduced urease-producing bacteria, which induces carbonate 26 precipitation. By allowing this process to occur in the pores of unconsolidated sand, 27 sand particles bond together, creating a sandstone like material. Although MICP has 28 been explored recently for possible applications in civil and construction engineering, 29 this study examines its application to sand production control during hydrate gas 30 exploitation from subseafloor sediments. The major uncertainty is the ureolytic 31 activities of bacteria and associated enzyme under the subseafloor condition. The main 32 aim of this study was to quantify the ureolytic efficiency of a urease-producing 33 bacterium and purified urease enzyme in the oxic and anoxic conditions. The purified 34 urease enzyme and B. megaterium were subject to bench shaking ureolyic activity tests 35 in both conditions. Biochemical parameters including urea concentration, electric 36 conductivity (EC), pH, and optical density at 600 nm (OD 600 ) of the solution at different 37 time intervals were measured. As a quality control procedure, dissolved oxygen 38 concentration (DO) of the final solutions was also measured. Results show that the 39 effect of oxygen availability on ureolytic efficiency of purified urease enzyme is 40 marginal. However, anoxic ureolytic performance of B. megaterium is better than its 41 oxic counterpart. It is also found that higher concentration of urease and multi-42 amendment of bacteria help raise ureolytic efficiency. In order to sustain ureolytic 43 efficiency and facilitate its up-scaled field application, several practice measures can be 44 implemented including growing bacteria aerobically to exponential stage before 45 implemented into the subseafloor sites, injecting larger bacteria cell number, and 46 repeatedly supplying fresh bacteria cells. 47 48 2 Key words: microbially induced carbonate precipitation; sand production; B. 49 megaterium; urease enzyme. 50 51 3 Sand production has been a major obstacle for the successful exploitation of weakly 53 consolidated /unconsolidated oil and gas reservoirs worldwide. It is reported that 70% 54 of the global hydrocarbon reservoirs are susceptible to sand production (Fattahpour et al. 55 2012). Typically, sand production is defined as sand particles in weakly consolidated 56 subsea hydrocarbon-bearing sediments moving into the exploitation well along with the 57 hydrocarbon and water flows, due to drilling and completion activities. The detachment 58 of particles are usually induced by the combination of high pore fluid velocity and 59 material degradation behaviour (Rahmati et al. 2013). If it were to occur, sand 60 production could result in troubles such as plugging of the perforations or production 61 liner, wellbore instability, failure of sand control completions, and pipelines and surface 62 facilities erosion (Rahmati et al. 2013). Several sand production control approaches 63 have been developed by the petroleum industry and academia. These include the 64 construction of sand screen, injection of chemical inhibitors, and setting up solid-fluid 65 separation system. However, there is always a demand for more efficient, economic and 66 durable solution for sand production control. 67 Recently microbially induced carbonate precipitation (MICP), a bacteria-generated 68 bio-mineralization process, has been investigated extensively in geotechnical and 69 environmental applications (Cuthbert et al. 2013; Jiang et al. 2014; Montoya et al. 2013; 70 Al Qabany and Soga 2013; Soon et al. 2014). The hydrolysis of urea by indigenous or 71 introduced urease-producing bacteria (e.g., Sporosarcina pasteurii (S. pasteurii), 72 Sporosarcina aquimarina (S. aquimarina) and Bacillus megaterium (B. megaterium)) is 73 one of the most popular pathways used to induce carbonate precipitation (Hata et al.
which is the most straightforward indicator for the urea hydrolysis rate. In general, it 240 can be observed that the pure enzyme ( Fig. 2(a) ) could trigger a much higher urea 241 hydrolysis rate than the bacteria solution ( Fig. 2(b) ) regardless of oxygen availability, 242 enzyme concentration and bacteria amendment modes. For the purified enzyme case (Fig. 2(a) ), it is found that higher concentration of 249 enzyme yielded faster urea degradation rate, (i.e., a higher ureolytic rate) (Yasuhara et It should be noted that the urease enzyme itself may degrade with time, which could 298 potentially contribute to the increase in EC values. Therefore, the degradation behavior 299 (life-time) of the purified urease enzyme (8 g/L) in distilled water at 4 °C, 20 °C and 300 35 °C were characterized, as shown in Fig. 4 . The end of enzyme degradation is 301 determined based on the termination of increase of EC ( Fig. 4 (a), (b), (c) ) or decrease 302 of pH ( Fig. 4 (d), (e), (f) ). It is found that at 4 °C, no distinguishable enzyme In the purified urease enzyme case, the solution pH in anoxic conditions is only 332 slightly lower than that in oxic ones. This is possibly caused by the CO 2 gas used for 333 deoxygenation and is consistent with the EC results. In the bacteria case, however, the 334 solution pH in anoxic conditions stabilizes around 8.2-8.5, which is significantly lower 335 than that of 9.4 in oxic conditions. This suggests that not only the CO 3 
